Combined interventional and surgical treatment for acute aortic type a dissection  by Liu, Jin-cheng et al.
i n t e rn a t i o n a l j o u rn a l o f s u r g e r y 6 ( 2 0 0 8 ) 1 5 1 – 1 5 6www. the i j s . comCombined interventional and surgical treatment
for acute aortic type a dissectionJin-cheng Liua, Jin-zhou Zhang*,a, Jian Yang, Jian Zuo, Jin-bao Zhang,
Shi-qiang Yu, Tao Chen, Xue-zeng Xu, Xu-feng Wei, Dinghua Yi**
Department of Cardiovascular Surgery, Xijing Hospital, Fourth Military Medical University, Changle West Road, Xi’an 710032, PR Chinaa r t i c l e i n f o
Article history:
Received 11 October 2007
Accepted 8 February 2008
Published online 21 February 2008
Keywords:
Interventional radiology
Type A dissection
Endovascular stent-grafting
Total arch replacement* Corresponding author. Tel.: þ86 29 8477531
** Corresponding author.
E-mail addresses: jinzhouzhang2006@yah
a Both authors contribute equally to this w
1743-9191/$ – see front matter ª 2008 Publis
doi:10.1016/j.ijsu.2008.02.004a b s t r a c t
Background: Surgical repair and endovascular stent-graft placement are both therapies for
thoracic aortic dissection. A combination of these two approaches may be effective in
patients with type A dissection. In this study, we evaluated the prognosis of this combined
technique.
Methods: From December 2003 to December 2006, 15 patients with type A dissection were
admitted to our institute; clinical data were retrospectively reviewed. Follow-up was
performed at discharge and approximately 12 months after operation.
Results: Endovascular stent-graft placement by interventional radiology and surgical repair
for reconstruction of aortic arch was performed in all patients. Total arch replacement for
distal arch aneurysm was carried out under deep hypothermia with circulatory arrest;
antegrade-selected cerebral perfusion was used for brain protection. Four patients
concomitantly received a coronary artery bypass graft. Hospital mortality rate was 6.7%;
the patient died of cerebral infarction. Neural complications developed in two patients.
Multi-detector-row computed tomography scans performed before discharge revealed
complete thrombosis of the false lumen in six patients and partial thrombosis in eight
patients. At the follow-up examination, complete thrombosis was found in another three
patients, aortic rupture, endoleaks or migration of the stent-graft was not observed and
injuries of peripheral organs or anastomotic endoleaks did not occur.
Conclusions: For patients with aortic type A dissection, combining intervention and surgical
procedures is feasible, and complete or at least partial thrombosis of the false lumen in the
descending aorta can be achieved. This combined approach simplified the surgical proce-
dures and shortened the circulatory arrest time, minimizing the necessity for further aortic
operation.
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However, surgical repair is limited to the ascending thoracic
aorta, whereas the descending aorta (type B dissection) is
left untreated.
For type B dissection or false lumen in the descending
aorta, surgical repair is not performed unless a patient has
risk of rupture and presentswith irreversible end-organ ische-
mia. Persistence of entries in the descending aorta is themain
cause of false lumen enlargement and aneurysms. This latter
complication necessitates surgery on the descending thoracic
aorta in 20–28% of patients. Themortality rate of patients with
aortic rupture is 18%4,5 while it is for 35–40% for surgical
therapy of type B dissection.6,7 In 1983 the elephant trunk
technique was described by Borst and colleagues.8 It involves
placing an artificial vessel into the descending aorta to occlude
entries in the descending aorta and stimulate thrombosis
formation in the false lumen. Consequently the surgical
procedures for Stanford type A dissection are constituted of
aortic replacement and the elephant trunk technique. The
former is for the aorta and its proximal dissection, whereas
the latter is for pathology in the descending aorta (type B
dissection). However, the complexity of this procedure, signif-
icant morbidity and mortality rates severely restrict the
outcomes of surgical therapy for type A dissection,9,10
especially when aortic arch replacement is necessary.
Considering the high surgical morbidity and mortality,
stent-graft placement, which requires relatively little time
and is less invasive, is a potential alternative therapy for select
type B dissections.11 Recently, several authors reported a novel
approach for type A dissection, in which the elephant
procedure was replaced by placement of an endovascular
stent-graft (ESG) in the descending aorta.12,13 However, due
to no blood flow in descending aorta and anatomic structure
not being clear, the ESG might be placed into the false lumen
intraoperative, and if long enough (greater than 15 cm), ESG
could occlude the intercostals and lead to the embolism of
vital organs or even paraplegia. Additionally, the circulatory
arrest time would be prolonged and the risk of neurological
complication would increase.
To avoid the above-mentioned potential risks, we intend to
place the ESG in the descending aorta by intervention before
surgical operation, and then perform corrective operations
on the ascending aorta. From December 2003 to December
2006, we operated on 15 consecutive extensive acute aortic
dissection type A patients with one or several entries in the
arch using a combined approach of total arch replacement
in the ascending aorta and placement of an ESG in the
descending aorta to prevent late complications.2. Materials and methods
2.1. Patients
From December 2003 to December 2006, 15 consecutive pa-
tients affected by acute aortic type A dissectionwere admitted
to the Department of Cardiovascular Surgery, Xijing Hospital,
Fourth Military Medical University. The study was approved
by the Institutional Ethics Committee of Xijing Hospital (NO.
IECXJ-20021105). All patients provided informed consents. Ofthese 15 patients, 4 were women and 11 men, with a mean
age of 49.3 yrs (range: 37–71 yrs). The most common underly-
ing medical disorder was hypertension present in 13 patients.
Myocardial infarction, or angina pectoris, was seen in four
patients and 12 had an aortic regurgitation grade II–III.
Diabetes mellitus was seen in one patient and four patients
had a history of smoking. None of the patients had previously
undergone a cardio-thoracic operation.
Before the intervention, all patients underwent enhanced
multi-detector-row computed tomography (MDCT), electron
beam CT or magnetic resonance imaging to reveal an aortic
dissection type A with a false lumen and several entries
(Fig. 1). Coronary angiography was performed through a radial
artery access and a 6-F guiding catheter in select patients who
complained of angina pectoris or had a history of myocardial
infarction. Informed consent was obtained from all patients.
Follow-up examinations were performed at discharge and
approximately 12 months after operation in the Outpatient
Department; MDCT scans were performed in all cases.2.2. Operative procedures
2.2.1. ESG placement
Custom designed Talent stent-grafts (Medtronic Talent CPS
Coil Trac Delivery System; Medtronic Inc., Minneapolis, MN)
were used in all patients and approved by the Xijing Hospital
Ethical Committee. The graft diameters were 32, 34 and
36 mm and the lengths were 10 and 12 cm (special designed).
Placement of the grafts was performed in a catheter room
while the patient was under general anesthesia. Patients
were placed in the dorsal decubitus position. Drapes were
arranged to include the abdomen and the groin in the
operative field, thus affording access to the common femoral
arteries and, if needed, the iliac arteries or the abdominal
aorta. Through a left percutaneous brachial access, a 5-F
pigtail catheter was introduced into the thoracic aorta for
preliminary angiography. The precise location of entries and
the range of the aneurysm was confirmed by angiography.
The diameter of the stent-graft was oversized by 15% in
relation to the diameter of the true lumen, to ensure a satisfac-
tory seal. Prior to the deployment of the stent-graft, 1 mg/kg or
5000 U heparin was given intravenously, and then the stent-
graft introducer delivery system was positioned inside the
thoracic aorta using fluoroscopic monitoring. After systolic
blood pressure was lowered to less than 80 mmHg by a hypo-
tensive agent, the stent-graft was deployed. Angiography was
performed again to exclude the possibility of a false aneurysm
in the descending aorta and to detect endoleaks or any other
potential stent-graft related complications (Fig. 2). Finally,
after removing the introducer delivery system, the femoral
arteriotomy was repaired with interrupted 5–0 polypropylene
sutures.
Stent-graft placement was successful in all patients. The
diameter of the stent-graft was 32 mm in five patients
(33.3%), 34 mm in six (40.0%) and 36 mm in four (26.7%). Stent
length was 10 cm in 13 patients (86.7%) and 12 cm in 2 (13.3%).
After the ESG procedure, patients were immediately trans-
ferred from the catheter room to the operating room on the
floor below.
Fig. 1 – Multi-detector-row computed tomography pictures of a Stanford type A dissection. Large tears can be seen in both
the ascending aorta (red arrow) and the descending aorta (yellow arrow).
i n t e rn a t i o n a l j o u rn a l o f s u r g e r y 6 ( 2 0 0 8 ) 1 5 1 – 1 5 6 1532.2.2. Reconstruction of the ascending aorta and aortic arch
When patients reached the operating room, dissection and
cannulation of the right upper brachial artery was performed
prior to median sternotomy. Cardiopulmonary bypass (CPB)
was conducted via the right brachial artery and the right
atrium. While cooling the nasopharynx temperature to 32 C
at the proximal part of innominate artery, the ascending aorta
was clamped and cut open. A cardioplegic solution was
directly perfused through left and right coronary artery,
followed by intermission blood-myocardial-preservation
solution. Then, surgical repair of the ascending aorta and
aortic root was performed. At the same time, CPB was going
on at full flow and the cooling process was continued. When
the nasopharynx temperature reached 15–17 C and rectal
temperature was 18 C, the head was put down by an angle
of 30–45 with the horizontal plane. The innominate artery,Fig. 2 – Angiography pictures of the same patients as in Fig. 1. Sh
placement of the endovascular stent-graft (B).left carotid artery and left subclavical artery were clamped
and the ascending aorta was opened. Deep hypothermic
circulatory arrest and antegrade selective cerebral perfusion
(8–10 ml/kg/min) were initiated. The aortic arch was incised
transversally and inspected. The diseased aorta was resected
from the sinotubular junction to the innominate artery,
including the concavity of the aortic arch. The aortic arch
was replaced in all patients using Collagen-impregnated
InterVascular grafts (InterVascular, Z.I. AtheliaI, 13705 La Cio-
tat Cedex, France) (Fig. 3). When the distal part of InterVascu-
lar grafts was connected with the proximal descending aorta,
air was removed from the vessels and grafts, which were then
filled with blood, and the proximal graft was cross-clamped.
The innominate artery, left carotid artery and left subclavical
arterywere opened and normal flow ratewas reached through
the brachial artery cannula. Finally, the ascending graft wasown are tears in the descending aorta (A), and subsequent
Fig. 3 – Surgical de-branching of the aortic arch and
relocation of the supra-aortic branches. Arch vessels were
independently reconstructed using quadrifurcated grafts.
Table 1 – Demographic and clinical characteristics of the
patients
Number Age Gender Procedures CPB
(min)
Time of
cross
clamp
(min)
ACP
time
(min)
1 43 Male TARþCABG 180 82 25
2 57 Female TAR 138 60 28
3 38 Male TAR 165 57 23
4 28 Male TAR 190 110 28
5 49 Male TAR 115 46 29
6 60 Female TARþCABG 215 130 32
7 61 Male TARþCABG 186 106 32
8 53 Female TAR 120 42 21
9 56 Male TAR 132 48 18
10 42 Female TARþCABG 172 120 32
11 31 Male TAR 110 60 36
12 65 Male TAR 182 85 22
13 51 Male TAR 165 72 25
14 44 Male TAR 137 59 29
15 47 Male TAR 141 45 23
TAR¼ total arch replacement; and CABG¼ coronary artery bypass
grafting.
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proximal anastomoses were reinforced with polytetrafluoro-
ethylene (Teflon) felt strips.
The diameter of InterVascular graft was 28 mm in four
patients (26.7%), 30 mm in five (33.3%) and 32 mm in six
(40%). Coronary artery bypass graftingwas concomitantly per-
formed in four patients. The mean time for CPB was 156.5
31.4 min (range: 110–215 min), for aorta crossing-clamp was
74.8 29.3 min (range: 45–130 min) and circulatory arrest
was 26.9 5.0 min (range: 18–36 min) (Table 1).2.3. Statistical analyses
All values are expressed as mean SD. Completely random
design ANOVA andmethods of the least significant difference
were performed to make two–two comparisons. Values of
P< 0.05 were accepted as significant. Statistical analyses
were performed with SPSS14.0.3. Results
None of the patients in this study died during the operation;
however, the post-surgical hospital mortality rate was 6.7%.
The patients who died were in a coma after operation and
suffered a cerebral infarction, as confirmed by CT. Despite
hyperbaric oxygen treatment once a day, this patient failed
to recover and died 15 days after the operation. Two patients
developed neural complications. One was diagnosed with
a cerebral infarction by CT examination; another manifested
symptoms such as drowsiness, restlessness and confusion
without any positive findings with CT. After being treated
with hyperbaric oxygen for 2 weeks, all symptoms diminished
and the patient was discharged 2 weeks later. Mean intensive
care unit stay was 9.3 days (range: 3–21 days), and overall
hospital stay was 21.4 days (range: 10–34 days).In all patients, the ascending aorta and entire arch were
replaced using InterVascular grafts. The aortic valve was
preserved in all cases by remodeling the sinotubular
junction. Post-operative echocardiography showed only
mild aortic regurgitation. MDCT scans performed before
discharge revealed complete thrombosis of the false lumen
in six patients and a 35% progression in stent diameter.
Partial thrombosis of the false lumen was seen in eight
patients and stent diameter increased by 12%. The follow-
up period ranged from 1 to 12 months (mean: 6.3 months),
and during this time, another three patients represented
complete thrombosis in the false lumen and rupture,
endoleaks or migration of the stent-graft was not seen
and injuries of peripheral organs or anastomotic endoleaks
did not occur.4. Discussion
The standard surgical procedure for Stanford type A dissec-
tion is limited to the ascending thoracic aorta, whereas the
descending aorta (type B dissection) remains untreated.
Persistant entries causing aneurysms in the descending
aorta have a high risk of rupture and an undesirable impact
on prognosis, stressing the importance of a more progres-
sive treatment.4,5,12 This study combined interventional
techniques (ESG placement) and surgical repairs (total
arch replacement) to treat acute aortic type A dissection.
After the operation, 93.3% of the patients were discharged
and 80.0% were free of complications. During the follow-
up examination, 64.3% of the patients had complete throm-
bosis in the false lumen and partial thrombosis in 35.7%
patient without rupture, endoleaks or migration of the
stent-graft; furthermore, injuries of peripheral organs and
anastomotic endoleaks were not observed. Therefore, we
conclude that a combined approach of ESG placement by
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gical repairs could simplify the standard surgical procedure
for type A dissection, has a low mortality and a satisfactory
immediate outcome.
ESG is emerging as a new treatment modality with
excellent outcomes related to its high efficacy and its low
complication rate.14–18 Recent reports show a mandatory
combined open repair of the ascending aorta and translu-
minal stent-graft placement during deep hypothermic
circulatory arrest.12 This procedure provided a novel treat-
ment for type A dissection; however, it has three flaws.
First, an artificial vessel is readily placed into the false
lumen, a procedure that is more complicated and prolongs
circulatory arrest time, thus increasing the risk of cerebral
complications. Second, the shape of the artificial vessel is
easier to distort than to fully extend which would hinder
the occlusion of entries. Finally, when the entries are far
from the left subclavian artery, the ESG may not be long
enough to reach them.
In our study, to simplify the surgical procedure and
reduce circulatory arrest time, entries in the descending
aorta were precisely located by angiography and a special
designed ESG was placed by intervention prior to the
surgery. The length of the ESG did not exceed 12 cm. Sizing
of stent-grafts was performed by measuring the total
diameter of the proximal descending aorta with the aid of
transesophageal echocardiography. The stent-graft was
oversized by 15% with respect to the true lumen because
one goal of the operation was to approximate the intima-
media cylinder compared to the adventitial layer, and to
increase the stent diameter, as observed during the
follow-up. By occluding entries in the descending aorta,
this procedure may minimize the risk of a persistent
perfused false lumen, via increased dilatation of the
descending aorta and compression of the true lumen
followed by impaired distal perfusion.
Following placement of the ESG, total arch replacement
was sequentially performed. First, the ascending aorta and
aortic valve were repaired when CPB was at its full flow rate.
Then, deep hypothermia and circulatory arrest were initiated,
and antegrade cerebral perfusion was performed at a low flow
rate. When the distal part of the InterVascular graft was
connected with descending aorta, CPB was restarted at full
flow rate. Compared with conventional procedure of TAR,
this technique significantly reduced circulatory arrest time
and the risk of cerebral complications.19
In patients with angina pectoris or myocardial infarc-
tion, coronary angiography was performed, and a coronary
artery bypass graft was necessary in four patients. Because
of the high incidence of coronary disease in older patients
with aortic dissection, some studies have advocated routine
coronary angiography,20 whereas Rizzo et al.21 found
angiography to be associated with increased mortality due
to aortic rupture during the delay before surgical interven-
tion. However, more recent studies indicate that examining
coronary anatomy does not impact survival.22 To reduce the
risk of rupture, we selected patients with stable hemody-
namic conditions to perform ESG replacement or coronary
angiography by interventional radiology. In the interven-
tion period, patients underwent general anesthesia to avoidstimulation, and, before the stent-graft was deployed,
systolic blood pressure was lowered to less than 80 mmHg
using a hypotensive agent.
In conclusion, these results suggest that a combined
approach using intervention and surgical procedures to treat
acute aortic type A dissection is feasible, and can completely,
or at least partially, diminish the false lumen, which mini-
mizes the need for further operations on the descending
aorta. However, the combined techniques for management
of acute type A dissection is a new exploration, and has an
obvious limitation that further investigations are needed to
evaluate the long-term effectiveness.Conflict of interest
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